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[57] ABSTRACT

An amplifier stage is disclosed having junction capaci-
tors for by-passing high frequency signals without intro-
ducing substantial signal nonlinearities. A pair of similar
serially connected diodes are reverse biased between
the amplifier supply potentials. The mid-point connec-
tion of the diodes is connected to the amplifier node to
be by-passed paralleling the junction capacitances of the
diodes with respect to a-c potential excursions. Typical
diode capacitance variations resulting from changes in
the reverse bias potential across a pn junction is mini-
mized by this arrangement.

6 Claims, 3 Drawing Figures
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BANDWIDTH LIMITED LARGE SIGNAL IC
AMPLIFIER STAGE

ThlS 1nvent10n relates te amphﬁer stages and in par-
tleular to 1ntegrated circuit (IC) ampllﬁer stages requlr-
| mg bandwidth control or oscillation suppression.

High-gain and high-frequency amphﬁers incorporat-
mg feedback frequently exhibit ‘operating. instabilities
under certain bias or eperatlng conditions owing to
inadequate phase margin in the feedback loop at higher
frequencies. Typically the instabilities are manifested by
the amplifier operating in an eselllatory mode overrid-
ing the desired circuit response. ‘To eliminate the oscil-
latory modes, capacitors are incorporated into the am-
plifier to shunt all frequency components higher than
the desired cut off frequency, including those frequen-
cies at Wthh the amphﬁer would naturally tend to
oscillate. . S

In the fabrication of IC amplifiers there are two types

of capacitors available for incorporation  within the
monolithic structure. Oné type depends upon the capac-
itance exhibited by the space-charge or depletion-
region of a pn junction. The other type depénds upon
the MOS capacitance exhibited by the parallel plate
sandwich structure comprising a metal plate separated
from the silicon portion of the monolithic-die by a thin
layer of insulating material. MOS capacitors exhibit
constant capacitance values "with respect to applied
potentials and exhibit substantially infinite series resis-
tance, but they are extremely susceptible to catastrophic
or permanent damage from voltage transients caused by
electrostatic discharge. PN junction capacitors, on the
other hand, are very non-linear with respect to reverse
bias potential applied between anode and cathode but
are superior.to MOS capacitors in their resistance to
electrostatic discharge damage. The nonlinearity of the
PN capacitance arranged within a signal carrying cir-
cuit undesirably causes ‘both signal nonlinearities and
the introduction of signal harmonics, however.
s Capacrttors arrangeéd to shunt or compensate high
frequency oscillations are typically connected between
assignal node of the . amplifier and a supply bus. Voltage
transients occurring on the supply bus-either as a result
of electrostatic charging or handling or because of some
system malfunction may be‘impressed across the capaci-
tor. Such transients impressed across an MOS: capaci-
tor,-1if above a prescribed voltage level established by
the MOS dielectric or insulator field strength, can rup-
ture the dielectric, preelpltattng a total failure mode for
the amplifier. - 3 Lo s

The:-present 1nventlen demonstrates a means ef effec-
tively reducing-the nonlinearities of a. junction-capaci-
tor to an acceptable- level:to . take advantage of its
greater immunity to damage from voltage transients.

. The frequency response or bandwidth of an amplifier
_stage is limited by shuntlng high frequency components
to the supply busses via first and second. similar pn
junctions or junction diodes. The diodes are serlally
connected in reverse bias condition between the ampli-
fier supply terminals. The amplifier stage output termi-
nal or the node from which high frequency components
are to be shunted is connected to the interconnection of
the serially connected diodes, which are effectively
paralleled to shunt the undesn'ed signal components to
the supply potentials. |
. Junction-capacitance nonlinearities .are m1n1m1zed in
this circuit by virtue of the fact that a voltage excursion
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at the interconnection of the two diodes simultaneously
Increases the reverse bias potential across the first diode
and decreases the reverse bias potential across the sec-
ond diode. The increase in reverse bias potential across
the first diode is accompanied by a decrease in its junc-
tion capacitance. The decrease in reverse bias potential
across the second diode is accompanied by an increase
In its junction capacitance. The total capacitance being
the sum of the two junction diode capacitances there-
fore remains relatively constant.

The invention will be particularly described with
reference to the drawings where:

FIGS. 1 and 2 are respective schematic and block
diagrams of representative embodiments of the inven-
tion; and

F1G. 3 plots against the same eeerdlnates the capaci-
tance versus voltage characteristics of two junction
capacitors in inverse-parallel connection for signal, per
the present invention, and a single junction capacitor.

- The FIG. 1 circuit is an integrated-circuit, amplifier
stage 15 assumed to have high voltage gain and an in-
herent high frequency response. Transistor 2 is ar-
ranged as a common- emitter amplifier with current
source 5 as a load. Relatively positive V+ and relatively
negative V— supply potentials are prowded at terminals
10 and 13 respectively. Input signal V;y, is applied at
terminal 11 and output signal Vgis available at terminal
12. .. | | |

Compensation capacitor 6 is connected between the
input and output terminals of the common-emitter am-
plifier to establish the frequency response of the ampli-
fier, especially necessary where stage 15 is cascaded
with preamplifier and postamplifier stages. The inclu-
sion of capacitor 6 may, however, provide an undesir-
able feedback path with sufficient phase shift at higher
frequencies to cause the stage 15 to be oscillatory. The
osciilations may be reduced or eliminated by including
a degeneration resistor in the emitter circuit of transis-
tor 2 or by increasing the size of capacitor 6. Both of
these solutions are undesirable however, as the former
reduces gain and the latter reduces overall bandwidth.

A third alternative means to eliminate oscillatory
modes is to use a high frequency bypass capacitor be-
tween output terminal 12 and a point of constant poten-
tial, which capacitor might typically be in the order of
5-10 picofarads. As previously noted, MOS capacitors
are undesirable for this application due to their electro-
static vulnerability.

However, junction capacitors exhlblt marked eapam-
tance changes with varying voltage. Further, the mini-
mum junction size would need be determined for maxi-

mum applied voltages. But this imposes larger than

necessary capacitance at lower applied voltages, limit-
ing the overall frequency response of the amplifier.

A combination of two semiconductor junction di-
odes, 3 and 4, are arranged serially between terminals 10
and 13 in the FIG. 1 circuit. Output terminal 12 is at
their interconnection and the diodes are in inverse-par-
allel to provide the bypass capacitance insofar as a-c
signal variations at output terminal 12 is concerned.
Junction diodes exhibit a pn junction capacitance by
virtue of thetr space charge or depletion region tending
to isolate their anode regions from their cathode re-
gions. This capacitance is represented by the expression.
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where ¢p is the built-in junction potential of the diode
junction,

V;is the reverse bias potential across the diode junc-
tion, and

C, is the capacitance per unit area of the junction for
¢+ V,equal to 1 volt.

Equation 1 indicates that: as the reverse bias V, In-
creases in absolute value, the junction capacitance C;
decreases.

Diodes 3 and 4 are both connected 1n a reverse-biased
or high-impedance direction with respect to output
terminal 12. With respect to the load impedance of the
amplifier, the real part of the diode impedance 1s sub-
stantially infinite. The capacitance exhibited by the
junctions of the diodes are effectively paralleled with
respect to a-c signals. The a-c bypass capacitance con-
nected at terminal 12 1s thus the sum of the capacitance
of diodes 3 and 4. |

Diodes 3 and 4 have a total reverse potential o
V+-—-V— imposed across their serial connection. A
quiescent output potential at output terminal 12, equal
to (V++V—)/2, conditions the reverse bias potential
V,3 across diode 3 to equal the reverse bias potential
V4 across diode 4. Signal excursions from their quies-
cent potential value creates complementary potential
changes across the diodes, i.e., as V,3 (V4) Increases
V4 (V,3) decreases by equal amounts. Consequently the
junction capacitance C;j3 (Cjs) decreases and Cjy (Cj3)
increases. Since the effective capacitance from terminal
12 to signal ground potential is the sum of junction
capacitance Cj; of diode 3 and the junction-capacitance
of Cjs of diode 4, the increase in Cj3 (Cj4) 1s partially
compensated by the decrease in Cj4 (C;3). The curve “a”
shown in FIG. 3 shows the relative variation in capaci-
tance afforded by the serially connected diodes 3 and 4
between supply potential V+ and V— in the FIG. 1
circuit for output signal excursions of (%) six volts from
the quiescent output potential. It is seen that the capaci-
tance is relatively constant over a range of signal excur-
sion. In contrast to this the variation in capacitance of a
single junction diode is depicted in FIG. 3 as the curve
“b”, which diode has the same capacitance value at the
quiescent output potential as the inversely paralleled
capacitances C;3 and Cp. | |

The FIG. 2 circuit includes integrated circuit ampli-
fier 22 having an output amplifier 21 in cascade after
preamplifier stage 20. Both amplifier stages 20 and 21
receive supply potentials V+ and V— from respective
terminals 29 and 30. Preamplifier 20 receives inverting
and non-inverting input signals via respective terminals
27 and 28. The output connection of 20 at 25 is provided
with high-frequency bypass capacitors in the form of
serially connected junction diode strings 23 and 24 con-
nected between output connection 25 and the supply
terminals. The performance of the diode strings 23 and
24 is similar to the performance of diodes 4 and 3 of the
FIG. 1 circuit, except that the potential change across
any one diode junction is reduced, thereby reducing the
capacitance change and further reducing total capaci-
tance variations.

IC amplifiers generally do not contain sufficient inter-
nal inductances to cause the output potential of an inter-
nal amplifier stage to swing beyond the limits of the
supply potentials. Therefore diodes 23 and 24 never
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become forward biased to short-circuit the output con-
nection.
The embodiments included in the drawings are repre-

sentative of the invention. However, one skilled in the
art of transistor amplifier design and armed with the

foregoing ‘disclosure will be able to readily generate
additional embodiments without straying from the spirit
of the invention and the claims should be construed in
this light. For example, each of the diodes may be re-
placed by a number of series-connected diodes to re-
duce the voltage change across any diode and thereby
reduce the total capacitance variations. In addition
where the quiescent potential is not divided evenly
between the diodes connected to the positive and nega-
tive supply potentials, e.g., diodes 3 and 4 of FIG. 1,
they may be substituted for by serial strings of different
numbers of diodes arranged to provide the least capaci-
tance change for the expected potential variations.

It is emphasized that the bypass capacitance is not
constrained to application at the amplifier output termi-
nal but may as in the case of FIG. 2 post amplifier 21 be
utilized at an amplifier input terminal where the quies-
cent potential may be of a more convenient value or at
some other convenient circuit node.

What I claim 1s:

1. An amplifier stage comprising:

first and second terminals for applying relatively
positive and relatively negative supply potentials
thereto;

third and fourth terminals for supplying input and
output signals respectively;

a transistor having input, common and output elec-
trodes respectively connected to the third, second
and fourth terminals;

load means connected between the first and fourth
terminals;

means for by-passing said fourth terminal to said first
terminal for relatively high frequencies including

first pn junction diode means connected in reverse-
biased poling between the first and fourth termi-
nals;

means for by-passing said fourth terminal to said
second terminal for relatively high frequencies
including

second pn junction diode means connected In re-
verse-biased poling between the second and fourth

‘terminals whereby the first and second pn junction

diode means are constrained from conducting in
the forward direction and the sum of the capaci-
tance associated with their pn junctions remains
relatively constant for applied signal variations.

2. An amplifier as set forth in claim 1 wherein the first
and second pn junction diode means have similar pn
junction diffusion profiles and similar pn junction areas,
including means for maintaining similarly valued quies-
cent potentials across each of said first and second pn
junction diode means.

3. In combination:

a voltage amplifier stage having signal input and

signal output terminals;

means for supplying relatively positive and relatively
negative supply potentials to condition said ampli-
fier to operate, said amplifier exhibiting an output
signal potential not exceeding the supply poten-
tials:

first and second diode means having similar pn junc-
tion characteristics and junction areas, said first
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diode means connected between said positive sup-
ply potential and the output terminal, said second
diode means connected between the negative sup-
ply potential and the output terminal, both first and
second diode means poled to be non-conducting
for the entire range of output signal potentials, the
Junctions of said diodes providing sufficient capaci-
tance to shunt high frequency signal components
above a prescribed frequency. |
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4. A combination as set forth in claim 3 wherein said
first and said second diode means each consists of a
respective single pn junction.

3. A combination as set forth in claim 3 wherein the
first and second diode means comprise first and second
serially-connected strings of like numbered junction
diodes.

6. A combination as set forth in claim 3 wherein the
first and second diode means comprise first and second
serially-connected strings of junction diodes of differing

numbers of diodes.
¥ - x %, x*
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